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PRELIMINARY AME NDMENT UNDER 37 CFR 1.115 

Please enter the Article 34 Amendment before entering of the Preliminary 
Amendment. 

IN THE ABSTRACT 

Please add the following abstract: 

A process for the catalytic oxidation of a hydrocarbonaceous fuel into a conversion 
product, wherein a feed mixture comprising the fuel and an oxygen-containing gas is 
contacted with a catalyst bed, comprising the steps of: (a) setting the flow rate of the fuel 
and flow rate of the oxygen-containing gas, (b) determining the actual temperature of the 
upstream surface of the catalyst bed by mans of a quick response device; and (c) generating 
an output signal that is a function of the difference between the actual temperature and a set 
point for the temperature; and using the output signal to adjust the flow rate of the fuel 
and/or of the oxygen-containing gas. 
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IN THE CLAIMS 

Amend claims: 1-11. 

1 . (Once Amended) A process for the catalytic oxidation of a hydro-carbonaceous 
fuel into a conversion product, wherein a feed mixture comprising the fuel and an oxygen- 
containing gas is contacted with a catalyst bed, comprising: 

(a) setting the flow rate of the fuel and the flow rate of the oxygen-containing gas; 

(b) determining the actual temperature of the upstream surface of the catalyst bed by 
means of a quick response device within a time frame of from between 1 to between 100 
milliseconds; 

(c) generating an output signal that is a function of the difference between the actual 
temperature and a set point for the temperature; and 

(d) using the output signal to adjust the flow rate of the fuel and/or of the oxygen- 
containing gas. 

2. (Once Amended) The process of claim 1, wherein operating under conditions of 
non-steady demand of conversion product. 

3. (Once Amended) The process of claim 2, wherein the turn-down ratio in 
demand of conversion product is in the range of from between 1:10 to between 1:100. 

4. (Once Amended) The process of claiml , wherein the set point for the 
temperature is determined by the value of the oxygen/carbon ratio in the feed mixture and 
by the demand of conversion product. 

5. (Once Amended) The process of claim 1, wherein the catalytic oxidation 
process is a catalytic partial oxidation process and wherein the conversion product is a 
hydrogen-containing gas. 
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6. (Once Amended) The process of claim I, wherein the quick response device 
comprises an optical pyrometer and wherein the determination of the actual temperature is 
carried out by measuring the light intensity emitted by the upstream surface of the catalyst 
bed. 

7. (Once Amended) The process of claim 6, wherein the optical pyrometer is 
measuring the ratio between the light intensities emitted by the upstream surface of the 
catalyst bed at two different wavelength ranges. 

8. (Once Amended) The process of claim 6, wherein the light intensity is 
measured at wavelengths in the range of from between 700 to between 1000 ran. 

9. (Once Amended) The process of claim 1 , wherein the adjustment of the flow 
rate in step (d) is carried out by means of a rapid response actuator. 

10. (Once Amended) The process of claim 9, wherein the adjustment of the flow 
rate of the fuel is carried out by means of a pulsed liquid injection system. 

11. (Once Amended) Transport means comprising a system for the catalytic partial 
oxidation of a fuel that is operated by the process of claim 10. 



Respectfully submitted, 

KUIPERS, Herman, Pieter, Charles, Eduard 
and WENTINCK, Hendrik, Martinus 



Attorney, Jennifer D. Adamson 
Reg. No. 47,379 
(713) 241-3901 



P.O. Box 2463 

Houston, Texas 77252-2463 
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MARKED UP VERSION OF AMENDED CLAIMS 



1 . (Amended) A process for the catalytic oxidation of a hydro-carbonaceous fuel 
into a conversion product, wherein a feed mixture comprising the fuel and an oxygen- 
containing gas is contacted with a catalyst bed, [which process comprises the steps of] 
comprising: 

(e) setting the flow rate of the fuel and the flow rate of the oxygen-containing gas[, 
preferably in accordance with the demand of conversion product and a pre-determined 
value of the oxygen/carbon ratio in the feed mixture]; 

(f) determining the actual temperature of the upstream surface of the catalyst bed by 
means of a quick response device within a time frame of from between 1 to between 100 
milliseconds; 

(g) generating an output signal that is a function of the difference between the actual 
temperature and a set point for the temperature; and 

(h) using the output signal to adjust the flow rate of the fuel and/or of the oxygen- 
containing gas[, preferably the flow rate of the fuel]. 

2. (Amended) The [A] process [according to] of claim 1, wherein operating under 
conditions of non-steady demand of conversion product. 

3. (Amended) The [A] process [according to! of claim 2, wherein the turn-down 
ratio in demand of conversion product is in the range of from between 1: 10 to between 
1:100[, preferably of from 1:30 to 1:80]. 

4. (Amended) The [A] process [according to any] of claim[s] l[to 3], wherein the 
set point for the temperature is determined by the value of the oxygen/carbon ratio in the 
feed mixture and by the demand of conversion product. 

5. (Amended) The [A] process [according to any of the preceding claims] of claim 
I, wherein the catalytic oxidation process is a catalytic partial oxidation process and 
wherein the conversion product is a hydrogen-containing gas. 
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6. (Amended) The [A] process [according to any of the preceding claims] of claim 
1 , wherein the quick response device comprises an optical pyrometer and wherein the 
determination of the actual temperature is carried out by measuring the light intensity 
emitted by the upstream surface of the catalyst bed. 

7. (Amended) The [A] process [according to] of claim 6, wherein the optical 
pyrometer is measuring the ratio between the light intensities emitted by the upstream 
surface of the catalyst bed at two different wavelength ranges. 

8. (Amended) The [A] process [according to] of claim 6 [or 7], wherein the light 
intensity is measured at wavelengths in the range of from between 700 to between 1000 nm. 

9. (Amended) The [A] process [according to any of the preceding claims] of claim 
I, wherein the adjustment of the flow rate in step (d) is carried out by means of a rapid 
response actuator. 

10. (Amended) The [A] process [according to] of claim 9, wherein the adjustment of 
the flow rate of the fuel is carried out by means of a pulsed liquid injection system. 

1 1 . (Amended) Transport means comprising a system for the catalytic partial 
oxidation of a fuel that is operated by the process of claim 10 [according to any of the 
preceding claims]. 
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CATALYTIC OXIDATION PROCESS WITH FLOW CONTROL SYSTEM 



The present invention relates to a process for the 
catalytic oxidation of a hydrocarbonaceous fuel and to 
transport means comprising a system for the catalytic 
partial oxidation of a fuel that is operated according to 
such a process. 

Catalytic oxidation processes such as catalytic 
partial oxidation processes, wherein a feed mixture 
comprising a hydrocarbonaceous fuel and an oxygen- 
containing gas are contacted with a catalyst are known in 
the art. The partial oxidation of a hydrocarbonaceous 
fuel, in particular hydrocarbons, in the presence of a 
catalyst is an attractive route for the preparation of 
mixtures of carbon monoxide and hydrogen. It is an 
exothermic reaction represented by the equation: 



There is literature in abundance on the catalysts and the 
process for the catalytic partial oxidation of 
hydrocarbons. Reference is made, for instance, to 
US ,149,464, EP 576 096, EP 629 578, and WO 99/19249. 

Such catalytic oxidation processes are susceptible to 
changes in the oxygen/carbon ratio in the feed mixture 
which has a direct influence on the reaction temperature. 
Since even a slight deviation from the desired ratio may 
shorten the life of the oxidation catalyst employed, 
there is a need to be able to measure the oxygen/carbon 
ratio or the flow rates of the oxygen-containing gas and 
the fuel accurately. In processes which operate under 
conditions which include changes, in particular frequent 
changes in the demand of the conversion product, and thus 
in throughput of the reactants, there is also a need to 



C n H 2n +2 + n / 2 °2 — > n CO + (n+1) H 2 
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measure the oxygen/carbon ratio or the flow rates of the 
reactants very quickly. For instance, in the case of 
catalytic partial oxidation processes which are directed 
at producing hydrogen which is to be used as feedstock 
5 for a fuel cell as envisaged in hydrogen-operated motor 

cars, there will be a need for rapid and sometimes 
frequent decreases and increases in the flow of hydrogen 
to the fuel cell depending on the requirements of the 
motorist. Accordingly, the flow rates of fuel and oxygen- 

10 containing gas to the partial oxidation catalyst have to 
?3 change rapidly and deviations from the desired 

{fj oxygen/carbon ratio have to be corrected quick and 

CI accurately. 

Flow metres that are able to measure the actual flow 

11 rate at the required time scale, i.e. typically in the 

L order of 1 to 100 milliseconds, are not available or 

M 

extremely expensive. 
\r\ Since the oxygen/carbon ratio of the feed mixture 

3 strongly influences the reaction temperature, it is 

2$ possible to monitor the oxygen/carbon ratio by monitoring 

the reaction temperature. 

Reaction temperatures can be measured and monitored 
by various methods known in the art. Thermocouples are 
well known for temperature measurement, also at 
25 relatively high temperatures. They are reliable and 

normally have a long service life. 

In US 5, 939,025 for example, the use of thermocouples 
to record changes in temperature in .a catalytic partial 
oxidation reformer due to a step change in reactant flow 
30 is described. 

However, due to their relatively slow response time, 
thermocouples are not adequate in systems wherein rapid 
changes occur. Since they cannot cope with the rapid 
changes, their use would lead to incorrect information 
35 and improper adjustments of the oxygen/carbon ratio. 



2 



WO 01/16022 



PCT/EP00/08441 



Thus, there is a need for means that can quickly and 
reliably monitor the actual oxygen/carbon ratio in a 
catalytic oxidation process wherein the flow rates of the 
» reactants are rapidly varied. 

5 It has now been found that quick and reliable 

information about the actual oxygen/carbon ratio in the 
feed mixture can be obtained when use is made of the 
colour of or light intensity emitted by the upstream 
surface of the catalyst bed wherein catalytic oxidation 
10 is carried out. 

ri The present invention therefore relates to a process 

for the catalytic oxidation of a hydrocarbonaceous fuel 
j;3 into a conversion product, wherein a feed mixture 

j* comprising the fuel and an oxygen-containing gas is 

IS contacted with a catalyst bed, which process further 

iL, comprises the steps of: 

ft! (a) setting the flow rate of the fuel and the flow rate 

of the oxygen-containing gas, preferably in accordance 

0 with the demand of conversion product and a pre- 

26 determined value of the oxygen/carbon ratio in the feed 

mixture ; 

(b) determining the actual temperature of the upstream 
surface of the catalyst bed by means of a quick response 
device; 

25 (c) generating an output signal that is a function of the 

difference between the actual temperature and a set point 
for the temperature; and 

{d) using the output signal to adjust the flow rate of 
the fuel and/or of the oxygen-containing gas, preferably 

30 the flow rate of the fuel. 

The process according to the present invention can 
suitably be applied under conditions of non-steady demand 
of conversion product, i.e. conditions wherein the amount 
of conversion product produced per unit of time has to 

35 vary and therewith the flow rates of the reactants. Even 
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under process conditions requiring a turn-down ratio in 
demand of conversion product of up to 1:100, i.e. the 
maximum demand is a factor 100 higher than the minimum 
demand, the process of the present invention is 
particularly suitable in order to control the 
oxygen/carbon ratio in the feed mixture. Preferably, the 
turn-down ratio is in the range of from 1:10 to 1:100, 
more preferably in the range of from 1:30 to 1:80. 

The process according to the invention will now be 
illustrated with reference to Figures 1 and 2. 

Figure 1 schematically shows a first embodiment of 
the adjustment of the flow rates in a catalytic partial 
oxidation process according to the invention. 

Figure 2 schematically shows a second embodiment of 
the adjustment of the flow rates in a catalytic partial 
oxidation process according to the invention. 

A hydrocarbonaceous fuel passes through line 1 and an 
oxygen-containing gas passes through line 2 and are mixed 
before contacting the catalyst bed 3 . Both the flow rate 
of the hydrocarbonaceous fuel and of the oxygen- 
containing gas are set in accordance with the hydrogen 
demand and a pre-determined value of the oxygen-carbon 
ratio in the feed by adjusting means 4 and 5, 
respectively. Thereto, input signals 6 and 7, which are 
each determined by the hydrogen demand and the pre- 
determined value of the oxygen-carbon ratio, are fed to 
the adjusting means A and 5, respectively. 

The amount of fuel needed per unit of time, and thus 
the desired flow rate of the fuel, largely depends on the 
hydrogen demand. It will be appreciated that the flow 
rate of the fuel and the flow rate of the oxygen- 
containing gas are correlated via the desired 
oxygen/carbon ratio in the feed, i.e. the pre-determined 
value of the oxygen/carbon ratio. 
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In a catalytic partial oxidation process, the desired 
oxygen/carbon ratio will be substantially constant over a 
wide range of hydrogen demand. It will be appreciated, 
however, that the desired oxygen/carbon ratio is to some 
5 extent dependent of the hydrogen demand. For example, at 

' low hydrogen demand, and thus low throughput of the 

reactants, heat losses are relatively high and it may be 
desired to produce extra heat by using a higher 
oxygen/carbon ratio in the feed mixture. The skilled 
klO person is familiar with such effects. 

The setting of the flow rates in accordance with the 
S.i hydrogen demand and the pre-determined value of the 

^ oxygen/carbon ratio may however lead to slight deviations 

M of the actual oxygen/carbon ratio from the pre-determined 

r i5 value of the oxygen/carbon ratio. In order to correct 

Q such deviations, the actual temperature of the upstream 

surface 8 of the catalyst bed 3 is determined by means of 
S| a quick response device 9. 

31 A signal 10 representing the actual temperature as 

20 determined by device 9 and a signal 11 representing a set 

point for the temperature are fed to control unit 12 and 
an output signal 13 is generated as a function of the 
difference between the actual temperature and the set 
point for the temperature. The output signal 13 is fed to 
25 adjusting means 4 in order to adjust the flow rate of the 

fuel. Control unit 12 may be any data processor capable 
of receiving signals within the time frame applicable in 
determining the temperature of the upstream surface of 
the catalyst bed. 
,30 In the embodiment of the process shown in Figure 1, 

the output signal 13 is used to adjust the flow rate of 
the fuel. Alternatively, the output signal may be used to 
adjust the flow rate of the oxygen-containing gas or of 
both the fuel and the oxygen-containing gas. 



5 



WO 01/16022 



PCT7EPOO/08441 



Signals 6 and 13 may be fed to the same adjusting 
means in order to set and adjust the flow rate of the 
fuel, such as shown in Figure 1. Alternatively, signals 6 
and 13 may be fed to different adjusting means in line 1 
5 in order to set and adjust the flow rate of the fuel, 

respectively. 

In the embodiment of the process shown in Figure 1, 
the fuel flow rate is adjusted by means of feedback 
control, i.e. the output signal 13 is directly used to 
.10 adjust the fuel flow rate. The flow rate is thus adjusted 

pj in reaction on the actual temperature of the upstream 

surface of the catalyst as determined by quick response 

C3 device 9 . 

m 

;j Preferably, the flow rate of the fuel or the oxygen- 

ic containing gas is adjusted by means of a combined 

L feedforward and feedback control, such as illustrated in 

Hj Figure 2. In this so-called pro-active feedback mode, 

Li information on temperature deviations during a transient 

S3 is used to pro-actively adjust the flow rate during a 

26 later transient. Thereto, output signal 13 is fed to 

feedforward control unit 14. In feedforward control 
unit 14, output signal 15 is generated using the input 
signals 6 and 7, and the information contained in output 
signal 13 generated during an earlier, similar transient. 
25 Output signal 15 is directly fed to adjusting means 4 to 

adjust the flow rate of the fuel. 

The adjusting means may be any means known in the 
art, for example an adjustable valve, injector or 
vaporiser, or a flow restriction. Preferably, the 
30 adjustment of the flow rate of the fuel and/or the 

oxygen-containing gas is carried out by means of a rapid 
response actuator. In a particularly preferred embodiment 
of the process according to the invention, the fuel flow 
rate is set and adjusted by adding the required amount of 
35 fuel to the stream of oxygen-containing gas flowing in 
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line 2 by means of a pulsed liquid injector. Suitable 
pulsed liquid injection systems are known in the art and 
commercially available, for example from Bosch and 
Mitsubishi . 

Such system is operated by setting the frequency and 
the width of the pulse. It is triggered by input signal 6 
and output signal 13 or 15 and is capable of reacting 
quickly on those signals. It has been found that 
deviations from the desired oxygen/carbon ratio become 
smaller, and, hence, the performance in adjusting the 
fuel flow rate more sophisticated, when use is made of 
pulses having a smaller width and/or when the dead period 
between subsequent pulses is minimised. It has been found 
that the use of pulsed injection systems allows control 
of the oxygen/carbon ratio at high precision for turn 
down ratios in hydrogen demand of up to 1:100. Moreover, 
such systems are capable of maintaining adequate droplet 
size distribution even when atomisation is carried out 
under low flow rate conditions. The use of short, strong 
injections compensates for the lack of turbulence at 
relatively low fuel flow rates. Such pulsed liquid 
injection systems normally include a mixing chamber, in 
which the liquid is injected into another stream. The 
volume of the mixing chamber is suitable such that the 
residence time of the liquid is several times the dead 
period between the pulses. 

In the process according to the present invention, 
the temperature of the upstream surface of the catalyst 
bed is determined, since at this location, the 
temperature is, for a given throughput of fuel, closely 
related to the oxygen/carbon ratio in the feed mixture. 
Due to the fact that catalytic oxidation reactions 
proceed at very short contact times, the oxidation 
reactions mainly takes place in the upstream layer of the 
catalyst bed and the temperature in that layer reflects 
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the stoichiometry of that reaction as expressed by the 
oxygen/carbon ratio and also reflects changes in that 
ratio. At more downstream locations in the bed, these 
changes in temperature are damped due to the thermal mass 
of the catalyst and can thus not be monitored. 

The temperature of the upstream surface is determined 
by means of a quick response device in order to be able 
to monitor rapid changes in temperature. Preferably, the 
temperature determination is carried out within a time 
frame of up to 100 milliseconds, more preferably of from 
1 to 100 milliseconds, even more preferably of from 5 to 
30 milliseconds. 

It is important that the quick response device does 
not disturb the actual temperature of the upstream 
surface of the catalyst bed and that it determines the 
temperature of the surface and not that of the gas phase. 
For that reason, and apart from the fact that they have a 
slow response, thermocouples are not suitable to be used 
in the process of the present invention for determination 
of the upstream surface temperature. A thermocouple will 
disturb the surface temperature and the measured 
temperature will typically reflect a temperature that 
lies between the temperature of the gas phase and that of 
the surface. 

A suitable means for quick and reliable determination 
of the temperature of the upstream surface comprises a 
photo detecting device, such as an optical pyrometer. 
Such apparatus operates on the basis of measuring the 
colour of or light intensity emitted by a surface using 
an optical fibre. The light intensities measured are 
converted via amplifiers and A-D current converters into 
a signal which can be processed in a control unit. 
Pyrometers are suitably made of glass or quartz, e.g. in 
the form of a glass rod or a glass fibre and may contain 
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a silicon chip or other recording device capable of 
receiving and transmitting data. 

During normal operation of a catalytic partial 
oxidation process, the upstream surface of the catalyst 
bed is glowing and changes in the oxygen/carbon ratio 
will influence the intensity and the wavelength of the 
light emitted by the glowing catalyst surface. The time 
involved in determining the temperature using a pyrometer 
is in the order of 1-100 milliseconds, preferably in the 
range between 5 and 30 milliseconds. This is sufficient 
to allow a quick measurement to start adjustment of the 
flow rate, if necessary. 

Best results will be obtained when, instead of the 
absolute light intensity, the ratio between the light 
intensities emitted in different wavelength ranges is 
measured, preferably in two different wavelength ranges. 
This type of measurement is advantageous in that it 
reduces or even eliminates unwanted influences such as 
the position of reactor parts near the upstream surface, 
e.g. a diaphragm when used to shield part of the surface 
of the catalyst, or the presence of some local "dead 
spots" on the catalyst surface or the occurrence of 
achromatic fouling. Dual-wavelength pyrometers are 
commercially available from a number of companies and can 
be operated within the temperature ranges and wavelengths 
envisaged for the process according to the present 
invention. 

It has been found that good results can be obtained 
when the colour or light intensity measurements are 
carried out using a pyrometer operable in the wavelength 
range of from 700 to 1000 nm (near infrared) , as this is 
the range of highest sensitivity for changes in colour 
for silicon-type photo-detection. Preference is given to 
measurements performed in the 700 to 950 nm range. 
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Calibration of the optical pyrometer, i.e. recording 
the relationship between light intensity or colour and 
temperature may be carried out before the pyrometer is 
used in the present process. Calibration and re- 
calibration may also be carried out during operation of 
the present process during periods wherein the process 
conditions are stationary or quasi stationary, by 
measuring the temperature downstream of or in the 
downstream part of the catalyst bed. Reference herein to 
stationary or quasi-stationary conditions is to 
conditions during which the temperature variations of the 
catalyst bed are less than 20 °C/minute. For instance, 
when a vehicle is operated in a constant mode, i.e. 
demanding the same amount of electricity, and hence, 
hydrogen, over a period of time which is at least longer 
than the slowest response time, calibration can be 
carried out conveniently. For calibration purposes, a 
conventional temperature measurement device, such as a 
thermocouple, may be used to measure the downstream 
temperature. In practice, one will observe an offset in 
temperature between the upstream layer of the catalyst 
bed and the downstream part thereof. The magnitude of the 
offset will depend inter alia on the occurrence of 
different reactions, such as water-gas shift reactions or 
endothermic reforming reactions, in the downstream part 
of the catalyst bed and on the construction of the 
catalytic system applied. This does not play a major role 
in the proper calibration of the quick response device. 
Those skilled in the art will be familiar with such 
effects . 

It will be clear that during start-up of the process 
of the invention, the upstream surface of the catalyst 
bed does not (yet) glow and is therefore not capable of 
emitting light having the wavelengths on which the 
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monitoring system is based. Therefore, at start-up, an 
estimate of the flow rates of fuel and oxygen-containing 
gas needed to cause the catalyst bed to start glowing 
will be made. At a certain signal/noise ratio adjustment 
of the flow rate according to the invention will be 
carried out. 

The process according to the invention may be 
operated by setting the set point for the temperature 
independently from the hydrogen demand and the desired 
oxygen/carbon ratio. Preferably, however, the set point 
for the temperature is determined by the hydrogen demand 
and the predetermined oxygen/carbon ratio. It will be 
appreciated that the predetermined oxygen/carbon ratio 
may to some extent depend on the hydrogen demand. 

It will be appreciated that the dependency of the 
temperature of the upstream surface on the hydrogen 
demand and oxygen/carbon ratio can change, for example 
due to degradation of the catalyst. Such changes may be 
taken into account by adjusting the set point for the 
temperature. Data for the required adjustment may be 
obtained by measuring process features, for example 
temperature or pressure, occurring downstream of the 
catalyst bed during periods of stationary or quasi 
stationary process conditions, i.e. wherein the flow 
rates and the oxygen/carbon ratio are substantially 
constant . 

The process according to the invention is not only 
particularly suitable for controlling the oxygen/carbon 
ratio in catalytic oxidation processes wherein the demand 
of conversion products, and thus the fuel flow rate, is 
varying, but also for controlling the oxygen/carbon ratio 
in catalytic oxidation processes wherein the fuel 
composition, and thus the carbon content, is varying. 
This is for instance the case when using off-shore gas as 
fuel. 
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The catalytic oxidation process according to the 
invention is preferably a catalytic partial oxidation 
process. Catalytic partial oxidation processes are 
typically carried out by contacting a feed mixture 
5 comprising a hydrocarbonaceous feedstock and an oxygen- 

containing gas with a suitable catalyst, preferably in 
amounts giving an oxygen/carbon ratio in the range of 
from 0.3 to 0.8, more preferably of from 0.45 to 0.75, 
even more preferably of from 0.4 5 to 0.65. References 
HL0 herein to oxygen/carbon ratio are to the ratio of oxygen 

!Sj in the form of molecules 02 to carbon present in the 

N f uel . 

n\ The feed mixture may comprise steam and/or carbon 

N; dioxide. If steam is present in the feed mixture, the 

"15 steam/carbon ratio, i.e. the ratio of molecules of steam 

(H2O) to carbon in the fuel, is preferably in the range 
fy of from above 0.0 to 3.0, more preferably of from above 

i! 0.0 to 2.0. 

fil The hydrocarbonaceous fuel may comprise hydrocarbons 

20 and/or oxygenates which are gaseous at the temperature 

and pressure prevailing in the catalyst bed during normal 
operation of the catalytic partial oxidation process. 
Particular suitable fuels comprise hydrocarbons which are 
gaseous or liguid under standard conditions of 

25 temperature and pressure (STP, i.e. at 0 °C and 

1 atmosphere) , such as natural gas, naphtha, kerosene, or 
gas oil. Reference herein to oxygenates is to molecules 
containing, apart from carbon and hydrogen atoms, at 
least one oxygen atom which is linked to either one or 

30 two carbon atoms or to a carbon atom and a hydrogen atom, 

such as alcohols, ethers, acids and esters. 

Reference herein to an oxygen-containing gas is to a 
gas containing molecular oxygen, for example air, 
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substantially pure oxygen or oxygen-enriched air. The 
oxygen-containing gas preferably is air. 

The temperature prevailing in a catalytic partial 
oxidation process is typically in the range of from 750 
to 1500 °C, preferably of from 800 to 1350 °C, more 
preferably of from 850 to 1300 °C. Reference herein to 
temperature is to the temperature in the upstream layer 
of the catalyst bed. 

The catalytic partial oxidation process is typically 
operated at a pressure in the range of from 1 to 100 bar 
(absolute) , preferably in the range of from 1 to 50 bar 
(absolute), more preferably of from 1 to 10 bar 
(absolute) . 

In the catalytic partial oxidation process in 
accordance with the present invention, the throughput of 
feed mixture and thus the gas hourly space velocity, 
expressed as normal litres of gas per kilogram of 
catalyst per hour, can be varied, depending on the 
hydrogen demand as triggered by the electricity needed by 
the motorist. At maximum feed throughput, the feed 
mixture is preferably contacted with the catalyst bed at 
gas hourly space velocities which are in the range of 
from 20,000 to 10,000,000 Nl/kg/h, more preferably in the 
range from 50,000 to 5,000,000 Nl/kg/h, even more 
preferably in the range of from 100,000 to 
3,000,000 Nl/kg/h. Reference herein to normal litres is 
to litres at STP. 

Catalyst compositions suitable for use in catalytic 
partial oxidation are known in the art. Such catalysts 
generally comprise, as catalytically active component, a 
metal selected from Group VIII of the Periodic Table of 
the Elements. Catalysts comprising, as the catalytically 
active component, a metal selected from rhodium, iridium, 
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palladium and platinum are preferred. Catalysts 
comprising rhodium and/or iridium are most preferred. 

The catalytically active metal is most suitably 
supported on a carrier, such as refractory oxide 
particles, monolith structures, or metallic arrangements 
such as metal gauzes or arrangements of metal wires. 
Suitable carrier materials are well known in the art and 
include refractory oxides, such as silica, alumina, 
titania, zirconia and mixtures thereof, and aluminium- 
containing high-temperature resistant alloys. 

Typically, the catalyst comprises the active metal in 
an amount in the range of from 0.01 to 20% by weight, 
based on the weight of carrier material, preferably from 
0.02 to 10% by weight, more preferably from 0.1 to 7.5% 
by weight. 

The catalytic partial oxidation process according to 
the present invention is suitably used to prepare 
hydrogen or a mixture of hydrogen and other gases from 
any hydrocarbonaceous feedstock. Preferably, the process 
according to the present invention is directed at 
producing hydrogen from fuel, in particular at the on- 
board production of hydrogen in fuel cell powered 
transport means, such as automotive vehicles and crafts. 

Accordingly, the present invention also relates to 
transport means comprising a system for the catalytic 
partial oxidation that is operated as hereinabove 
defined. 
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1 . A process for the cafcalyiic oxidation of a. hydro- 
carbonaceous fuel into aj conversion product, wherein a 
feed mixture comprising 3the fuel and an oxygen-containing 



gas is contacted with a 
further comprises the ; si 



catalyst bed, 
eps jof ; 



which process 



(a) setting the flow rate of the fuel and the flow rate 
of the oxygen-containing gas, preferably in accordance 
with the demand of conversion product and a pre- 
determined value of the] oxygen/ carbon ratio in the feed 
mixture; j J |j ^ 

(b) determining the actfual jtemperature of the upstream 

surface of the catalyst bed by means of a quick response 

if .1 

device within a time, frame jof from 1 to 100 milliseconds 

(c) generating an outpikt signal that is a function of the 
difference between thef actual temperature- 'and 'fe set point 
for the temperature;' send j 

(d) using the output' signal to adjust the flow rate of 
the fuel and/or of the oxygen-containing gas, preferably 
the flow rate of the fuel:j 

2. A process according to claim 1 operating under 
conditions of non-steady demand of conversion product. 

3. A process according to claim 2, wherein the turn-down 
ratio in demand of rc clivers ion product is in the range of 
from 1:10 to .1:100,; Jrefejrably of from 1:30 to 1:B0. 

4. A process according tjo any of claims 1 to 3, wherein 
the set point for the temperature is determined by the 
value of the' oxygen/carbon ratio in the feed mixture and 
by the demand of conversion product. 

5. A process accordang jjfco any of the preceding claims, 
wherein the catalytic oxidation process is a catalytic 
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partial oxidation process and wherein the conversion 
product is a hydrogen-cont aiding gas. 

6. A process according to arjy of the preceding claims / '. 
wherein the quick response device comprises an optical 
pyrometer and wherein the determination of the actual 
temperature is carried' out bjr measuring the light 
intensity emitted by the upsjtream surface of the catalyst 

bed. ;! 

!l 

7. A process according to cjlaim 6 r wherein the optical 
pyrometer is measuring the rptio between the light 
intensities emitted by the upstream surface of the 
catalyst bed at two different wavelength ranges. 

8. A process according to claim 6 or 7, wherein the 
light intensity is measuredjj at wavelengths in the range 
of from 700 to 1000 ran. |j 

9. A process according to jany of the preceding claims, 
wherein the ' adjustment of tjjhe flow rate in step (d) is 
carried out by means ;of a rapid response actuator. 

10. A process according to/jclaim 9, wherein the 
adjustment of. the flow rate of the. ^ fuel is carried out by 
means of a pulsed liquid injection system. 

11. Transport means comprising a system for the catalytic 
partial oxidation of; a fuel that is operated according to 
any of the preceding claims. 



N: \M\TS0793PCT 



AMENDED SHEET 



r 



(12) INTERNATIONAL APPLI^PSON PUBLISHED UNDER THE PATENT C< 



fl^RA' 



kTION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
8 March 2001 (08.03.2001) 




PCT 



lllll! II III! Ill II Mil 111 II 

(10) International Publication Number 

WO 01/16022 Al 



(51) International Patent Classification 7 : 
B01J 8/02, 12/00 



C01B 3/38, 



(21) International Application Number: PCT/EP00/08441 

(22) International Filing Date: 29 August 2000 (29.08.2000) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

99306900.4 31 August 1999 (31.08.1999) EP 

(71) Applicant (for all designated States except US): SHELL 
INTERNATIONALE RESEARCH MAATSCHAPPIJ 
B.V. [NL/NL]; Carel van Bylandtlaan 30, NL-2596 HR 
The Hague (NL). 

j (72) Inventors; and 

! (75) Inventors/Applicants (for US only): KUEPERS, Her- 

! man, Pieter, Charles, Eduard [NL/NL]; Badhuisweg 3, 

j NL-103 1 CM Amsterdam (NL). WENTINCK, Hendrik, 

i Martinus [NL/NL]; Badhuisweg 3, NL-103 1 CM Ams- 

I terdam (NL). 



(81) Designated States (national): AE, AG, AL, AM, AT. AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 
DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, 
HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, 
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, 
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

— Before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



j (54) Title: CATALYTIC OXIDATION PROCESS WITH FLOW CONTROL SYSTEM 




(57) Abstract: A process for the catalytic oxidation of ahy- 
drocarbonaceous fuel (1) into a conversion product, wherein 
a feed mixture comprising the fuel and an oxygen-containing 
gas (2) is contacted with a catalyst bed (3), which process 
further comprises the steps of: (a) setting the flow rate of 
the fuel and flow rate of the oxygen-containing gas, prefer- 
ably in accordance with the demand of conversion product 
and a pre-deterrnined value of the oxygen/carbon ratio in the 
feed mixture; (b) determining the actual temperature (10) of 
the upstream surface of the catalyst bed by means of a quick 
response device; (c) generating an output signal (13) that is 
a function of the difference between the actual temperature 
and a set point for the temperature; and (d) using the output 
signal to adjust the flow rate of the fuel (6) and/or of the oxy- 
gen-containing (7) gas, preferably the flow rate of the fuel. 



PCT/EP00/08441 

1 / 2 




WO 01/16022 PCT/EP00/08441 

2/2 




T; 3 z. 



ATTORNEY'S DOCKET NO. 
TS 0793 



* . % 

0 T t Page 1 of 2 

DECLARATION AND POWER OF 
ATTORNEY FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next to my name. I believe I am the original, first and sole 
inventor (if only one name is listed below) or an original, first and joint inventor (if plural names are listed below) of the subject matter 
which is claimed and for which a patent is sought on the invention entitled 

Catalytic oxidation process with flew control system 

the specification of which is attached hereto 

unless the following box is checked: 



was filed on 29 August 2000 as United States Application Number or PCT International Application 
Number rcr/EPO0/O8Wl an d was amended on 12-10-2001 ( if applicable). 



I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended 
by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 8 1 .56. 

thereby claim foreign priority benefits under 35 U.S.C. 8 1 19(a)-(d) or 8 365(b) of any foreign application(s) for patent or inventor's 
^tificate, or 8 365(a) of any PCT International application which designated at least one country other than the United States, listed 
ff|ow and have also identified below by checking the box, any foreign application for patent or inventor's certificate, or PCT 
I^Jernational application having a filing date before that of the application on which priority is claimed. 

JSI Priority 



AJ*PLICATION NUMBER 
$9306900.4 


COUNTRY DAY/MONTH/YEAR FILED 
EP 31 August 1999 


□ 


IMPLICATION NUMBER 


COUNTRY DAY/MONTH/YEAR FILED 


□ 


felereby claim the benefit under 35 U.S.C. 


1 19(e) of any United States provisional application(s) listed below. 




4JpLICATION SERIAL NO. 


FILING DATE 




APPLICATION SERIAL NO. 


FILING DATE 





i Hereby claim the benefit under 35 U.S.C. 8 120 of any United States application(s) or 8 365(c) of any PCT International application 
designating the United States, listed below and insofar as the subject matter of each of the claims of this application is not disclosed in 
the prior United States or PCT International application in the manner provided by the first paragraph of 35 U.S.C. 8 112, I 
acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 8 1.56 which became available 



APPLICATION SERIAL NO. 


FILING DATE STATUS-PATENTED, PENDING, ABANDONED 


APPLICATION SERIAL NO. 


FILING DATE STATUS-PATENTED, PENDING, ABANDONED 



I hereby appoint the following attorney(s) and/or agent(s) to prosecute this application and to transact all business in the Patent and 
Trademark Office connected therewith: 



ATTORNEY/AGENT REGISTRATION NUMBER TELEPHONE NUMBER 

Attorney 30.081 

NAME Ki m blev L. Muller At"" ^■s^t.omnpmber ^jkjf^f 

— E3Z3— 713 241-3901 — 



(NAME) Ri chard F. Lerruth 

c/o Shell Oil Company 
Intellect ual Property 
P.O. Box 2463 
Houston, TX 77252-2463 



DECLARATION AND POWER OF 
ATTORNEY FOR PATENT APPLICATION 



Page 2 of 2 



ATTORNEY'S DOCKET NO. 

TS 0793 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issued thereon. 



FULL NAME OF SOLE OR FIRST INVENTOR (given name, family name) 

g KUf PERS, Hejmajy Pieter Charles Eduard 



INVENTOR'S SIGNATURE 




^ter Charles Edi 



11 July 2000 



RESIDENCE 

Badhuisweg 3, 1031 CM Amsterda m, the Netherlands m lx 



DATE SIGNED 



POST OFFICE ADDRESS 

Badhuisweg 3, 1031 CM Amsterdam, the Netherlands 



CITIZENSHIP 

Netherlands 



FULL NAME OF SECOND JOINT INVENTOR, IF ANY (given name, family n; 

^TONTINCK, Hcndrik Martinus 



SECOND INVENTOR'S SIGNATURE 



RESIDENCE ~ 

jjadhuisweg 3, 1031 CM Amsterd 



July 2000 



DATE SIGNED 



fqST OFFICE ADDRESS 



0, the Netherlands nj lx 



CITIZENSHIP 

Netherlands 



Badhuisweg 3, 1031 CM Amsterdam, the Netherlands 



H [I L NAME OF THIRD JOINT INVENTOR, IF ANY (given name, far 


nily name) 




THIRD INVENTOR'S SIGNATURE 




DATE SIGNED 


RESIDENCE 

III 




CITIZENSHIP 


PUS 1 UrrMJE ADDRESS ~ ■ 



FULL NAME OF FOURTH JOINT INVENTOR, IF ANY (given nar 


ne, family name) 




FOURTH INVENTOR'S SIGNATURE 




DATE SIGNED 


RESIDENCE 




CITIZENSHIP 


POST OFFICE ADDRESS " 



FULL NAME OF FIFTH JOINT INVENTOR, IF ANY (given name, family name) 



FIFTH INVENTOR'S SIGNATURE 
RESIDENCE 



POST OFFICE ADDRESS 



United States Patent & Trademark Office 

Office of Initial Patent Examination — Scanning Division 




Application deficiencies found during scanning: 



□ Page(s) 

for scanning. 



of 



(Document title) 



were not present 



□ Page(s) 

for scanning. 



of 



(Document title) 



were not present 



□ Scanned copy is best available. JXaj^ \£ |G ^ 



